We studied the value of dipyridamole-echocardiography test 
high-dose dipyridamole echocardiographic positivity (0.84 mg/kg during 10 minutes), and in 83 (41%) of 204 patients with low-dose dipyridamole echocardiographic positivity (0.56 mg/kg during 4 minutes) (p<0.0001). In a subset of 341 patients, exercise electrocardiography stress test and coronary angiography were also available. A Cox survival analysis again identified echocardiographic positivity after dipyridamole as the best predictor of cardiac events (relative risk ratio, 1.9) followed by a pathologic coronary arteriography (relative risk ratio, 1.2). We conclude that the presence position for observing the abnormal wall motion was established, the transducer was kept steady throughout the study. Segmental anatomy and wall motion were assessed in a qualitative manner as previously reported.1617 Wall motion was graded as hyperkinetic, normal, hypokinetic, akinetic, and dyskinetic. The videotapes were analyzed by two independent observers. Positivity of the test was based on the detection of a transient asynergy of contraction, which was absent or of a lesser degree in the baseline examination. The grading and the regional localization of the asynergy were decided by consensus between the two observers. When there was disagreement on the results, a third observer reviewed the study, and his judgment was binding.
A positive electrocardiographic response was defined as an ST segment shift of 1 mm or more, both at the J point and 80 msec later.
Intraobserver variability was assessed by one of the investigators who reevaluated 100 studies, selected at random, at least 1 month after the first interpretation and without knowledge of the first evaluation.
In the 539 studies, the assessment of positivity compared with negativity was unanimous in 510. In the remaining 29 studies, a split decision occurred. The intraobserver agreement was 98% in the studies reanalyzed by the same observer. This high level of interobserver and intraobserver agreement was made possible by several factors. The quality of echocardiographic tracings was as good after dipyridamole administration as during baseline conditions. The readers agreed before the study not to record minor degrees of hypokinesia; primary reliance was placed on changes from baseline to peak dipyridamole administration, and the investigators had previous experience in joint reading. 16 The outcome events were all causes of death for survival, hard cardiac events (defined as cardiac death or nonfatal myocardial infarction) for infarction-free survival, and total cardiac events (cardiac death, nonfatal myocardial infarction, and coronary revascularization procedures) for eventfree survival. Only one event was considered in each patient, and any event occurring after the initial event was not considered. With regard to survival and infarction-free survival, the follow-up times of patients who had surgery were censored at the time of surgery; likewise, for infarction-free survival and event-free survival, times of patients who died for noncardiac death were censored at the time of death. There is controversy over whether or not coronary artery bypass surgery and coronary angioplasty should be considered cardiac events. They are likely to reflect the presence of severe disease. However, the decision to perform these procedures may be subjective and not by itself an adverse outcome. Therefore, the data were also analyzed with only death and myocardial infarction as adverse cardiac events. Statistical Analysis Kaplan-Meier life table estimates of survival, of infarction-free survival, and of event-free survival were used to summarize the follow-up experience in these patients and to clarify presentation. The individual effect of certain variables on survival, infarction-free survival, and event-free survival was evaluated with the use of the Cox regression model (BMDP P2L, Department of Biomathematics, University of California at Los Angeles). According to a stepwise selection process, variables were entered, or removed, from the regression equation on the basis of a computed significance probability (maximized partial-likelihood ratio).
The patients were stratified into two subgroups: those with and those without previous myocardial infarction.
Variables examined were age, sex, arterial hypertension, previous myocardial infarction, presence of electrocardiographic alterations in basal conditions, presence of resting asynergy in the basal echocardiogram, echocardiographic positivity during dipyridamole test, chest pain during the test, and ST-T changes during the test. For patients with positive DET, two subsets were also considered: patients with positivity within 4 minutes after the low-dose dipyridamole (0.56 mg/kg during 4 minutes); patients with positivity after the full-dose dipyridamole (0.84 mg/kg during 10 minutes).
For the subset of 341 patients in whom data on exercise stress test, coronary angiography, and ejection fraction by ventriculography were also available, these variables were examined and added to the variables described in the previous paragraph.
The x2 test and the Fisher's exact test were used for comparing discrete variables. The required level of significance wasp less than 0.05.
Results
The anamnestic and clinical baseline characteristics of the 539 patients are listed in Table 1 . The angiographic and ventriculographic features of the 374 patients who underwent coronary angiography and the results of exercise electrocardiography in 401 patients are reported in Table 2 .
During the follow-up, there were 13 deaths (11 cardiac and two noncardiac related), 12 nonfatal myocardial infarctions, and 95 coronary revascularization procedures (bypass or angioplasty). Coronary anatomy features in the study patients, with and without revascularization procedures are reported in Table 3 . When patients with and without myocardial infarction were compared, there were proportionally more coronary revascularization procedures in the group with a previous myocardial infarction (p<0.01); no significant difference was found regarding death and myocardial infarction during the follow-up between the two groups (Table 4) . 
Survival Analysis
The univariate prognostic factors are shown in Table 5 . The most important predictor was the result of DET; 3-year survival according to the results of DET is depicted in Figures 1, 2, and 3 .
With stepwise regression, only DET was an independent predictor of death (p<0.0001; relative risk ratio, 4.2). Even when cardiac death and myocar- (Table 6 ). The positivity of DET was the most powerful predictor of a cardiac event whether or not patients had a previous myocardial infarction. The distribution of events according to the results of DET and the presence or absence of a previous myocardial infarction is shown in Table 7 .
Comparison of Dipyridamole-Echocardiography
Test With Exercise Testing, Ejection Fraction, and Coronary Angiography
In the subset of 341 patients in whom cardiac catheterization and exercise stress test data were also available, the univariate analysis for all cardiac events is shown in Table 8 . Because of the small number of events in this relatively limited subset, only the predictability for all cardiac events was considered statistically meaningful and therefore analyzed. The most important predictor was the result of DET, followed by a pathologic coronary arteriography (number of diseased vessels). Using the Cox model, we found that the significant independent predictors of future cardiac events were the positivity of DET (p<0.000; relative risk ratio, 1.9), a pathologic coronary arteriography (p<0.006; relative risk ratio, 1.2) and age (p=0.042; relative risk ratio, 1.0) ( Table 9 ). Discussion This study shows that among a group of clinical and resting electrocardiographic and echocardiographic variables a transient myocardial dyssynergy after dipyridamole infusion is the most powerful independent predictor of future cardiac events. During the 3-year follow-up, cardiac events occurred in 41% of patients with low-dose DET positivity of DET compared with 26% of patients with high-dose DET positivity and 6% of patients with DET negativity. DET positivity added significantly to a model for the prediction of subsequent cardiac events, which included other variables such as a previous myocardial infarction and a resting asynergy on the echocardiogram. There may be multiple reasons for the strong prognostic stratification operated by DET. The most obvious, and probably the most important, is the high diagnostic accuracy of DET for the detection of angiographically assessed coronary artery disease.20,21 Furthermore, there is a marked gradient in sensitivity of DET from single to multivessel coronary disease, and the extent of coronary atherosclerosis, angiographically assessed, is known to be a powerful prognostic index. 25 Also, the presence of angina and ST segment shift during dipyridamole infusion showed some prognostic power but showed markedly less than echocardiographic positivity. This is not surprising because chest pain and electrocardiographic changes are markers of dipyridamole-induced ischemia but are much less specific and slightly less sensitive than regional dyssynergy.20,21,26 The mechanisms of dipyridamole-induced ischemia are complex and still incompletely understood. The occurrence of flow maldistribution phenomena is however likely to play a major role, whereas the increase in myocardial oxygen demand is only trivial and of minor importance in triggering ischemia.27 Five mechanisms that could result in a decrease in myocardial oxygen supply are suggested: passive collapse of the stenosis, vertical steal, horizontal steal, systemic steal, and luxury perfusion.27 Each of these mechanisms results from coronary arteriolar vaso- DET 6.7 0.009 1.9 Each x2 andp value is a measure of the improvement that each selected variable makes in a model containing all other significant variables. The relative risk is the independent risk of a cardiac event that is associated with a variable. The total risk is the product of the risks associated with each variable when present.
DET, dipyridamole-echocardiography test. dilation induced by dipyridamole because of accumulation of adenosine. The final result of all these mechanisms is a drop in the subendocardial "metabolically useful" flow. This is a prerequisite for regional contractility dysfunction, revealed as a transient asynergy by the DET.
Other features may justify the prognostic power of DET, which was even higher than that for coronary arteriography. The DET positivity is more closely linked to the physiologic significance than to the anatomic appearance of the coronary stenosis.28 This has a pathophysiologic and also a potential prognostic importance because "less anatomy/ more physiology" is required for an accurate prognostic stratification in the ischemic patient.29 Finally, the DET positivity is not affected by functional factors, such as coronary tone modulations or coronary vasospasm,30-32 which may elicit the positivity of other stress procedures, such as exercise stress test. 33 We found a greater incidence of cardiac events in patients with low-dose DET positivity. This finding can be explained by the results of a previous study, which showed that the earlier is the One potential limitation of this study is the qualitative and subjective assessment of myocardial contractility with echocardiography. However, this method is very simple, reliable, not time consuming, and therefore widely adopted for clinical echocardiographic studies in ischemic heart disease. 35 This visual assessment is generally accepted to be at least as accurate as most quantitative methods for detection of transient dyssynergy because "the eye naturally integrates space and time, and its discriminatory power is difficult to reproduce, much less surpass."36 Two important limitations of stress echocardiography must be recognized: the periodic failure to obtain adequate images and the present lack of automation during analysis so that accurate interpretation depends on the subjective skills of the interpreting physician.37 With current instrumentation, the failure rate for adequate images in resting conditions is substantially lower than 10%.35-37Dur-ing dipyridamole administration, images are of unchanged quality in comparison with the resting state; in fact, there is no hyperventilation, tachycardia, and excessive chest wall movement that severely limit the acoustic approach during other stressing procedures, such as exercise. 24 Regarding the second limitation of subjective observer analysis, current developments in computer-assisted methods for digital image processing, creation of continuous loops and split screen analysis, image enhancement, and better endocardial border recognition are expected to further improve the assessment of wall motion abnormalities and possibly lead to establishment of more accurate methods of quantification.
In conclusion, analysis of DET results adds important prognostic information compared with other clinical, resting electrocardiographic, or echocardiographic variables. The prognostic stratification by DET appears more accurate than that by variables from other procedures, such as assessment of coronary stenosis by angiography, and other widely used stressing procedures, such as exercise electrocardiography. The presence of DET positivity, especially after the low-dose dipyridamole, places a patient at a very high risk of subsequent cardiac events and should prompt consideration of aggressive therapy.
